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optimum beat treatmen+ h a s  not yet been determined in deta:' >ut  photovo,ta: c 

cells a r e  ncw prsdgccd w i + h  much shor t e r  heating t i r e s  than  required by e ' i e c t ~ o -  

t7'atec: r u p r o ~  o ~ _ d e  ' r~a-i-ier !ayers. The excess curJmus  oxidi-. 1s hi-ushcd of' 

s!ter the heat treatmenr and the c e l l  is electroded witb a!: d " v - r ? , o  s1'vc.r pa:nt. 

2 .  PR0DUCT:OY OF CELLS 

CdS photovoltaic c f -11~  processed by the above technique were‘ produc + ci i n  

both film and crystal  form. Figure 1, shows the volt-ampere chsracter!s+ic for  

a sir,gle crystal  CdS c 
a single crysta: c e l l  w:'h an efficiency of 7.  02 percent. 

been obtained f rom s:ng-e crystal  cells processed convent-onally, i e.  . elf c 'ro 

plated with cuprous ox de and heated f o r  relatively long ? jmes -  Thereforc,  OQF-' 

may conclude these two processes of forming the cuprous oxide b a r r i ~ r  layer 

are Equiva!ent. 

;mprovement has  been made. 

fo r  one of the f i r s t  film cel is  processed with a s l u r r y  of cuprous oxide. 

cell had an efficjency of 0.086 percent over an area of dl cm . 
not have been processed by the electrolytic method of C u 2 0  deposlticn because 

of its high resis tance of 25 ohms p e r  square.  

,n  grea t  par t  f o r  +he ;ow efficiency. 

h a v ~ n g  an efficiency of 5 .47  percent and F J ~ L I ~ C  2 for 
T h i s  is as h,gh aF h a s  

The situat:on with film cells is not a s  good although steady 

F:gure 3 shows the volt-ampere characterist,c 

This 
2 This fiim ( m i d  

This high res is tance also accncnts 

A cell on H-f:im mace by brush coating the copper oxid0 s l a r r y  r e m a i ~ e d  

ir,tact and adherent. 

j 7 igx re  4, 

made op, glass I S  shown :n Figure 5. 
pated that higher Pff,cirncres will be  obtained af ;cr  fur ther  exrjpr ,mt-nt,at 0:: w,tl-b 

c'oopir,g !eve: a22 h e a l  ?rc'tment. 

relatively Jarge a reas  of the cells of F:gures 3 ,  4, and 5 es;icc:a'l!y tba?  of 

Figure 3. A conven:!oraa:iy prepared f;.!m cell is shown 11) Figure S .  

has an eff:c:ency of 3 23  percent over  an a rea  of 0 , 4 4  em ~ 

from a fi?m evapor-a*cd pr ior  to the s t a r t  of the present coi;+ract. 

T5e volt -ampere characterist ic of th:s c t l ,  I S  shown J P  

T5e eff,c:pn:y IS 0.67 perrent .  The characi(3rist  c of a ce; l  b. rn  

The efficiency !s Q c  9 percent. 1' 7s ; i r t - C i  

One Irery ercgi-iraglng f a c t  to bt r-oted * s  t b ~  

2 
I t  was prepa1eJ.3 

2 
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!oca: !eng+?i ar,d a ' 0  x I C  c m ,  600 groove/mm gra+;nc  b;ajzt r! ;!t 5000 A 1r1 t h ~ .  

lirst o rde r .  a~spers~on of' t h e  Instrument I S  3 3  pel. FIZ I n  jL1e r s f  r.rrCjcr. 

The range or the t i i s t rurnpnf  1s 0 . 2  to 1 . 4  microns.  Ir.pu+ Ilght : s  c.hopped at 
13 cps. The chopper shaft. carries a cam wklch operates  a SPDT mlc7 c s ,~w. ' c  t., 

a t  *he same freqlrcnc:. Th:s permits use of a l ead  su ' f lde  {Eastman Kcdak C c l .  

Type N-? Ekiror\ DP 'PC~OT,  sens!tzve a rea :  2 x 2 m m . )  detrci(r: d , v k S  .i ' 3  $ - c  

arnplif,er and reef: r C'F r b o r r o w e d  f rom a Perk in-Elmer  ~ r i f r ~ i t  ed rnoIloc*ir.~m=,'c 

This arrangemen+ 3150 i2rovldes for cont,nuolus!y ~ ' ~ ' c o L  din; a spt'c'rum by 

d r ~ v J ~ g  the wave.@i)gth drgm of the B & L RiIonGchromator w-th a c jock mcror .  

The sample In earnprc out method gives hrghly repeatable resu:ts. The C O R -  

t:nuous recording gives a spread of about 5 percent ~n successive record-ngs. 

<, 

The curves  show-r, i n  Figure 7 are %he spec t ra l  t r a n s m i s s ~ o n ,  relative +o 

air, of t w o  evaporated j , !ms  of indium doped cadmium sulf ide on glass slJbs+ratcs 

Curve A is for an unprccesspd fiiim about 0.0025 crn thlck, The absorpticn PdgF 

is not neariy so we!' drf.nr-.d as in  single cryslal  samples.  Curve B I S  the  t rans  

r n ~ s s ~ o r ~  of a iAm ldeni,r a1 to ?ha: of Cclrve A !thv frlms ?vere maporated s:mui. 

taneous:y and arc acijacc ri+ par t s  of the s a m e  substratp;  excepl :hat it  was 

Drocessed by pa;v+-r-g w ? t h  precipitated cuprous oxide, heated 211 air qt 300°C 

lo r  a f ew  sec,mdS af'cr mh:ch t h e  excess oxldc w a s  b r u s h e d  oft. :' w . i  

in?errs t :ng '0 compare  *'.le curves of Figure 7 with ' h o s e  of conven' o n a - ' v  
p r o c e s s ~ d  f,:ms ar,d c'ys:a!s, as well as unprot-essed crvs!a:s. 

men's w!il 5~ m t f o r m d  

'T'b.c$e m ~ a s L i ~ t  

+ b e  next rep3rt;ng per-od. 

T h e  c u r v e s  17 F-gurc  8 a r e  the spec t ra l  transm;ss,un, Telz?;ve to a i r ,  of 

four samples of duPon+ H 

Qf FT-f, hm3 8. 0062 cm th,ck.  

Cilrve B was obta,r.ed f r o m  a triple thickness of the sarrie H fi im. 

'he +ransmiss .or  of a s rg:e thickness of H fi lm, 0.01!8 cm t?i:ck. 

h a s  a r e d  oiange c o l o ~ ~  much darker than the thlnnr-r  I! rn, C L Y V r -  I) L S  3 

m ,  Curve A vas obta,r,cd f r o m  a single thiekxcss 
This film has a ye!;ow CCS'UT 5,rn:lar ?c :ha- of CdS. 

Cgrve C I S  

This  f;:m 

t r s ~ ! ~  ' ~ ~ C ~ T I V S S  of '96 z?*pr  f i lm.  

+rapspa.  

It; J S  Intc.rcstir?g +o n.  + p  - h , ~  s : ) n l r ~ ' l a '  zr - f 2 . c  1 

y pt + f . c -  621 i c 9  r: i n  t k e  n e a r  , n f r  areti rcxp+o*1 07 t : : p  snv.;.:- 21li. 



. 

Comparing Figures  7 and 8, one m a y  conclude that either of :he H-films, 111 

single thicknesses, 

1:ght colored f J m  1s f a r  ??ore preferable as far a s  spectral  t rmsmiss ion  is 

concerned. 

b e  empI3yed a s  substrates  f o ~ .  CdS c e l l s  h t  the 

Radiaxon damage 5y electrons, gamma rays  and neutror-s, to duPont 's  

H-film w a s  discussed in  ea r l i e r  reports.  An experiment is underway a t  t?;e 
present t ime to determzne the effect of ultraviolet radiation on H-fJlm. The 

samples  are exposed to a mercury a r c  and shielded by a Corning 7-59 filter. 

passing 0. 30 to 0 .  48 m:cron radiation. This cuts off the s t rong 2530 A line 

of mercury  as well a s  approxlmating the short  wavelength limit, of s o l a r  

radiation. 

intensity comparable to direct  sunlight without visible effect. 

0 

The samples have been exposed for  severa l  hours IO an u:traviolet 

After a sufficien+ 
+ '  Lime, their  spec t ra l  trar?smlsslon will be remeasured and ther, the samples  wi l l  

be exposed to the unfiitered mercury a r c .  

5. ALTERNATE METSODS OF PRODUCING FTLRTS 

The "wet chemistry" approach to depositing thin f i lms of CdS is coritinuing. 

Pr incipal  difficulty a t  the present t ime is adheslon of film to substrate .  

component sp ray  is going to be tried shortly. 

6. PLANS FOR NEXT MONTH 

A two 

The wcrk described x i  this report  wi l l  be continued. It is planned to initiate 

film s t ruc ture  studies. 

7. PERSONNEL 

Time devoted to t h i s  project by principal techiiica: personne? and othcrs 

during the month cf Jacmry fo l lows:  

PERSONNEL 

W .  J. Deshotels 

E;, A. Augustine 

A. E. Carlson 

M. P, Makowski 

Others  

__-- 
HOURS 

Total 

168 

176 

9 

141 

415 

90!2 
__- 
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8 EXPENDITCXES 

Actual Costs to I?tc pmber 31, 1962 $ 2 7 ,  300 .  C O ,  

Estimated Costs  T o - -  Janliary, 1363 $ 9 , @ 0 0 . S @ .  

I. 

T3is figure includes commitments to other Clevitc3 d iv is ims  o f  
approxrmately $6, 000.00 fcr scientific servlces to be rendered 
during the next 3 to  4 months. 

9. DTSTRJOUTION 
Copy No. 

1 Elec+ronic Research Division (€5. Jaffe) 

2 Eiecirmnc Research Division (W. J, Deshotels) 

3 Clevite Patent Department 

4 Electronic Research Division (F. Augustine) 

5 -  9 NASA Distribution Lis t  

10 Electronic Research Division (Project  Administrator) 

11 - 15 NASA Distribution Lis t  

16  Electronic Research Division ( 2 ,  A. Gould) 

17 Elec~i-oilic Research Division (A. E. Carlson) 

18 Mechanl cal Research Uivision (M. P. Makowski) 
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